Introduction: Rotavirus is the leading cause of severe diarrhoea among infants and young children. Each year more than 611 000 children die
Introduction
Diarrhea is a leading killer of children in Kenya, causing approximately 9 percent of deaths in children less than five years of age [1] . It is estimated that 27% of all under five diarrheal disease hospitalization in Kenya is caused by rotavirus infection [2] . Current global estimates of mortality attributed to rotavirus-associated disease is 611,000 in children less than 5 years old [3] and mortality figures for sub-Saharan Africa total 145,000 annually [4] . Studies in Nigeria [5] , Tunisia [6] and Kenya [7] have demonstrated that close to 90% of all children are infected with rotavirus by 2 years of age.
In Kenya, the peak age of contracting gastroenteritis in children is 6-24 months [8] [9] [10] . It is estimated that, in Kenya, 68 deaths, 132 hospitalizations, and 21,800 clinic visits per 100,000 children aged less than 5 years annually are attributable to rotavirus diarrhoea [11] . Rotavirus belongs to the family Reoviridae, non-enveloped with a triple-layered icosahedral protein capsid and a genome of 11 double stranded RNA segments [12] . Rotavirus is the most common etiological agent associated with severe gastroenteritis leading to dehydration and death in young infants' worldwide [3] . Rotaviruses are classified into groups, subgroups, serotypes and on the basis of electrophoretic migration of gene segments. The group and subgroup specificity are present on the inner capsid VP6 . Thus, currently only rotavirus groups A, B and C have been identified as human and animal pathogens, while groups D, E, F, and G have only been identified in animals and birds [13] [14] [15] . Majority of rotavirus diarhoea infections are caused by group A rotaviruses [16] . Group B rotavirus infection are uncommon but have recently been associated with outbreaks in China and India [17] . Group C rotavirus has been isolated in Kenyan children [18] . The genes encoding the outer capsid VP7 and VP4 form the basis of classification of group A rotaviruses into G and P genotypes, respectively [19] . There are twenty P genotypes with P [4] , P [6], and P [8] most frequently associated with human infections.
Further, there are 14 G genotypes with G-types 1, 2, 3 and 4, accounting for 80% of human infections. G8 and G9 are emerging as common genotypes with G9 being the most common in Kenya [20] . There are currently two orally administered rotavirus vaccines; Rotarix® (GlaxoSmithKline, Rixensart, Belgium) and Rotateq® (Merck &Co., Whitehouse Station, NJ), which have been available in Kenyan hospitals since 2007. Rotateq® vaccine contains five human-bovine reassortant viruses [W179-9 (G1P [5] , SC-2 (G2P [5] ), W178-8 (G3P [5] ), BrB-9 (G4P [5] ) and W179-4 (G6P [8] )].
These viruses were generated by crossing the naturally attenuated bovine rotavirus strain WC3 with five unique human rotaviruses each contributing a G1, G2, G3, or G4 VP7 or P [8] VP4 gene to one of the vaccine viruses [21] . Rotarix® vaccine is a human G1P [8] virus RIX4414 which was derived by serial passage in cell culture of a virus recovered from the stool of an infected child [22] . Human rotavirus vaccine has been shown to reduce hospitalizations as a result of gastroenteritis from any cause by up to 42% [22] . The present study was aimed at estimating prevalence of rotavirus gastroenteritis and the genetic diversity of rotavirus among the vaccinated children at the Gertrude's Children Hospital, Nairobi, Kenya.
Methods

Study setting and population
This study was conducted at the Gertrude's Children's Hospital (GCH) between January and July 2012. The GCH is a leading Pediatric Hospital in Kenya which offers a variety of healthcare services to infants, school-age children, and teenagers. The laboratory work was undertaken at the rotavirus laboratory in the 
Research instruments
A structured questionnaire was used to collect the patients' clinical and demographic data, both from the hospital records and from the consenting parents/guardians.
Study design and sample size determination
This was a hospital based cross-sectional study. The required sample size was calculated using Fischer et al (1998) formula. The sample size was calculated based on a previous prevalence study of rotavirus gastroenteritis in an urban hospital in Nairobi, which had been established to be 28.4% [23] . To detect this with a precision of 5% and confidence level at 95%, at least 313 patients was required. Only 298 had adequate sample for analysis.
Specimen collection and processing
Stool specimen was collected in a sterile polypot from a patient presenting with symptoms of gastroenteritis. They were stored in a 
Molecular analysis of ELISA-positive samples
The ELISA-positive samples were analyzed by polyacrylamide gel electrophoresis (PAGE) to identify the presence of rotavirus double stranded RNA. The procedure was as stipulated in the WHO Manual of Rotavirus detection and characterization methods [24] . The rotavirus dsRNA was run on 10% polyacrylamide resolving gels using a large format gel electrophoresis system (Hoefer SE600) and 3% spacer gel was used to enhance resolution of the ds RNA segments. Thirty microlitres (30µl) of each sample was loaded onto gels and electrophoresis was conducted at 100 V for 16-20h at room temperature. The gels were stained using silver staining to group the rotavirus in electropherotypes as described in in the Laboratory GGTCACATCATACAATTCTAATCTTAAG-3') followed by genotyping with cocktail of primers specific to six human serotypes G1-G4, G8
and G9 (aBT1, aCT2, aET3, aDT4, aAT8 and AFT9) and the consensus primer RVG 9 as described by [26, 27] shown in Table 1 .
For VP4 genotyping a full length 876 gene segment 4, encoding for the VP4 was reverse transcribed and amplified by using outer primers Con3 and Con2 as previously described [28] shown in Table   2 followed by genotyping with cocktail of primers specific to the five human P genotype P [4] , P[6], P [8] , P [9] , and P [10] (2T-1, 3T-1, 1T-1, 4T-1, 5T-1) and consensus primer as Gentsch describes. PCR fragments were analyzed on 2% TAE agarose gels at 80-90 volts with appropriate molecular weight marker to determine the genotype of rotavirus strain. PCR bands were compared with molecular weight markers.
Data management and analysis
Data coding and analysis was performed done using the SPSS Version 20.0 software. Pearson's chi-square was used to determine associations. Level of significance was fixed at 0.05 (p=0.05).
Results
Three hundred and thirty one (331) participants who met all the inclusion criteria were recruited. Of these, 298 stool specimens were examined in the final analysis. Ninety four (94) (31.5%) specimens were positive for rotavirus (Table 3) . Rotavirus infection was most Page number not for citation purposes 4 common in children below 2 years of age. Among those infected, males were 46 (48.9%) while the females were 48 (51.1%) and 57 (60.1%) were still breastfeeding. Over 60% of the rotavirus cases had z-scores above median showing that they were of good nutritional status with the majority (41.5%) recording a median score (Table 3) . Among the rotavirus positive cases, 33 (35.1%) had been vaccinated using either of the rotavirus vaccines available.
Of these, 26 (78.8%) experienced diarrhoea for less than 3 days and only 2 had diarrhea for more than 5 days (Table 4) and 6% in neonates [29] . Another study conducted at the Kenyatta National Teaching Hospital in children revealed a prevalence 59% [30] after which this study was conducted 39.4% of the RV infected children were between 13 to 24 months in age followed by those less than 12 months at 37.2%. Consistently, most studies indicate that children less than 2 years are most affected by RV infection.
This onset of infection correlates well with the decline of maternally acquired antibodies that disappear around 5 months [32] . In the present study gender difference was not significant. This is in agreement with another study looking at risk factors in pediatric diarrhea [33] . Among the rotavirus positive children, fifty four (57.4%) who were not vaccinated had some dehydration as compared to twenty eight (30%) who were vaccinated. A similar percentage among vaccinated and unvaccinated children were treated by intravenous rehydration. In this study among vaccinated children, G9 genotype was most common genotype at 23.4%. This is in agreement with a recent studies in Kenya where prevalence of 13-15% have been reported [9, 34, 35] . G9 has been recognized as the most widespread of the emerging genotypes. It was first reported in the United States in the early 1980s [36] . Soon after its detection, it disappeared for more than a decade; then re-emerged in the mid-1990s and has been affecting patients to date. Currently, the genotype comprises 4.1% of global rotavirus infections, and accounts for as high as 70% of rotavirus infections as reported by some studies [37] . Genotype G3 was the second most common genotype demonstrated in this study among the vaccinated children at 4.2%. In Kenya, genotype G3 strains were predominant circulating genotypes in the years 1999 and 2000 [29] but further reports on occurrence of this genotype declined. Studies done elsewhere around the world have reported a high occurrence of G3 genotype. A study in Korea and Ghana found G3 to be the second predominant G genotype at 26.4% and 12.7%, respectively [38, 39] . In Tunisia, a study in 2011 found that, G3 was the second most predominant at 25% [40] . Apart from being the predominant single G genotype, the Tunisian study established that it was also found in mixed infection with G9 and G1 at 17.5%. A study in India earlier mentioned detected 3% and 1.9% of diarrheal cases caused by G3 [41, 42] . The genotype G12 was also demonstrated in this study in both the vaccinated and unvaccinated children in equal percentage (4.3%). A study by Kiulia in 2009 to 2011 in Eastern Kenya [34] showed that G12 was found in 3.1% of the samples.
Notably, G12 genotypes have been consistently detected in various countries, including in South Africa. [43, 44] . Since its first identification in the Philippines in 1990 [45] , it has been reported worldwide [41] . In Malawi, G12 was the predominant circulating strain [46, 47] . G12 was in association with P [6] genotype and was found in young African children with symptomatic rotavirus Page number not for citation purposes 5 infection. In the current study, all the four G12 were in found to be in association with P [6] forming G12P [6] combination. This finding concurs with other early studies that have reported the occurrence of this combination of G12P [6] and G12P [4] , isolated for the first time in Bangladesh [48] Genotype G1 as single and combined with G3 was also detected in this study. Genotype G2 was not identified and has not been documented for over 8 years in Kenya as documented by Kiulia et al [34] . The current study did not document any case of G1 genotype among vaccinated children although numerous molecular epidemiological studies have indicated that G1 is the most common circulating G type around the world [37, 49, 50] . Interestingly none of the specimens processed demonstrated genotype P [8] . According to these results genotype G1 and P [8] seems to be controlled well given that both are included in both vaccines available.
Conclusion
In the current study, prevalence of rotavirus infection remains high in spite of vaccination. Notably, vaccine uptake is still very low.
Severity of the rotavirus associated gastroenteritis is reduced with reduced hospital stay. The great diversity and re-emerging rotavirus strains observed in this study especially in vaccinated children raises concerns as to whether the vaccine strains G1P [8] ,G1,G2,G3 and  Emerging strains of G12 and G9 were found among these children infected with Rotavirus.
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